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Background: Although there appears to be no outright beneﬁt of laparoscopic versus open surgery for
acute appendicitis in the general population, it has been suggested that in obese patients a laparoscopic
approach may offer more conclusive gains. The aim of this pooled analysis of comparative studies was to
evaluate clinical outcome following laparoscopic and open appendicectomy in the obese population.
Methods: A systematic literature search of MEDLINE, Embase, Web of Science and the Cochrane Library
databases was performed. Primary outcomes were length of operation (min) and length of hospital stay
(days). Secondary outcomes were presence of post-operative complications, wound and intra-abdominal
complications. Weighted mean differences were calculated to assess the size of the effect of laparoscopic
appendicectomy on continuous variables and Pooled odds ratio were calculated for discrete variables.
Results: 2309 appendicectomies were included in this analysis, 1122 laparoscopic and 1187 open
appendicectomies. Analysis of primary outcome measures revealed a shorter length of post-operative
stay associated with laparoscopic appendicectomy (weighted mean difference ¼ 1.26; 95% conﬁ-
dence interval ¼ 2.36 to 0.16; p ¼ 0.02). There was no signiﬁcant difference between the groups for
length of operation, post-operative complications, intra-abdominal or wound complications.
Conclusion: The results of this pooled analysis indicate that laparoscopic appendicectomy may be
beneﬁcial in the obese population with a shorter length of hospital stay, and a similar incidence of post-
operative complications.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Acute appendicitis is the commonest cause of acute abdominal
pain in the Western world,1 and as a result appendicectomy is one
of the more frequently performed general surgical procedures.
With the growing popularity of the laparoscopic approach for
abdominal surgery, questions have repeatedly been raised on
whether or not McBurney’s original description of an open
appendectomy2 continues to be the most effective method to
manage this condition. Although the ﬁrst laparoscopic appendec-
tomy was performed in 1983,3 the debate still continues with
respect to which surgical approach is superior, and this only
strengthens the fact that the evidence favouring either has thus far
been inconclusive.
Two previous meta-analyses have shown laparoscopic appen-
dectomy to be superior to open appendectomy with respect to: þ44 1727812582.
Markar).
ciates Ltd. Published by Elsevier Ltreducing surgical site infection rates, length of hospital stay and in
cases of diagnostic uncertainty.4,5 A few studies have suggested that
recovery time to normal activities and post-operative pain scores
are also better with laparoscopic surgery, however such conclu-
sions remain debatable given the largely subjective and patient
speciﬁc nature of both these outcomes.5 In contrast, the laparo-
scopic approach has been associated with higher rates of intra-
abdominal abscess formation, longer operative times and higher
surgical costs when compared to its open counterpart.4,5 Therefore,
neither method has emerged a clear winner when it comes to the
management of acute appendicitis.
Although there appears to be no outright beneﬁt of laparoscopic
versus open surgery for acute appendicitis in the general pop-
ulation, it has been suggested that in obese patients a laparoscopic
approach may offer more conclusive gains. The increased abdom-
inal wall thickness in obese patients presents an added challenge
for an open appendix removal.6 In such patients larger incision sites
are more likely, which may lead to increased post-operative pain
and longer wound healing times both of which may lengthen thed. All rights reserved.
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REVIEWtotal recovery time. Open surgery in obese patients may also lead to
a longer hospital stay and higher rates of surgical site infections. A
laparoscopic approach for several other surgical procedures has
been shown to be superior to an open method in morbidly obese
patients.7
Therefore, in this pooled analysis we aim to comprehensively
review the current literature on open versus laparoscopic appen-
dectomies speciﬁcally in obese patients to help guide future
management decisions. Given worldwide obesity has more than
doubled over the last 30 years,8 improving the outcomes of one of
the most common general surgical procedures in overweight
patients will have an important impact on healthcare in future and
hence is an area that deserves attention.
2. Methods
A systematic literature search of MEDLINE (January 1950eMay 2011), Embase
(January 1974eMay2011),Webof Science (January 1990eMay2011) and the Cochrane
Library (2009 Issue 2) databases was performed. The search terms ‘laparoscopy’,
‘appendicectomy’, ‘appendectomy’ and ‘obesity’ and the medical subject headings
(MeSH) ‘obesity’, ‘laparoscopy’, ‘appendectomy’ and ‘appendicitis’, ‘evidence-basedTable 1
Study characteristics.
Author Study BMI Pt No (Lap) Pt No (Op) Age (Lap
Clarke12 RCT >30 23 14 31 (19e
Corneille13 Comparative >30 85 31 34
Enochsson14 RCT >26.4 56 50 e
Ricca15 RCT >25 26 26 31
Towﬁgh16 Comparative >30 26 29 e
Varela17 Comparative >30 906 1037 e
Lap e Laparoscopic group, Op e Open group.medicine’ and ‘evidence-based practice’ were used in combination with Boolean
operators AND or OR. The electronic search was supplemented by a hand-search of
published abstracts from the European Association for Endoscopic Surgery
(2007e2011), the Surgical Research Society, the Society of Academic and Research
Surgery, the Association of Surgeons of Great Britain and Ireland, the Association of
Upper Gastrointestinal Surgeons and the Society of American Gastrointestinal and
Endoscopic Surgeons. Reference lists or all relevant studies were reviewed and
the search included the Current Controlled Trials Register (http://www.controlled-
trials.com).
Abstracts of citations identiﬁed by the search were scrutinized by two inde-
pendent observers to determine eligibility for inclusion in this pooled analysis.
Studies were included if they met each of the following criteria: comparative or
randomized controlled trial, patients divided into laparoscopic and open appendi-
cectomy groups, and studies focused on obese adult patients. Trials without division
of patients into two groups and studies in children were excluded.
Primary outcomes were length of operation (min) and length of hospital stay
(days). Secondary outcomes were presence of post-operative complications (within
the ﬁrst month of surgery as a direct result of the initial operation), wound
complications ((within the ﬁrst month of surgery as a direct result of the initial
operation) (including infection and dehiscence)), and intra-abdominal complica-
tions ((within the ﬁrst month of surgery as a direct result of the initial operation)
(including vascular injury, ileus, obstruction, abscess and haematoma)).
2.1. Statistical analysis
Data from eligible trials were entered into a computerized spreadsheet for
analysis. The quality of each trial was assessed using the Oxford centre for Evidence-
based Medicine e Levels of Evidence (March 2009).9 The user-written command
metan for Stata (Stata, College Station, Texas, USA) was used for statistical analysis.
Weighted mean differences, with 95% conﬁdence intervals (C.I.) were calculated to
assess the size of the effect of laparoscopic appendicectomy on continuous variables
(length of operation and length of hospital stay). Pooled odds ratio (ORs) with 95%
conﬁdence intervals (C.I) was calculated for the effect of laparoscopic appendicec-
tomy on discrete variables (post-operative complications, wound complications and
intra-abdominal complications). Pooled outcome measures were determined using
random effects models as described by DerSimonian and Laird.10 Heterogeneity
among trials was assessed by Cochran Q statistic,11 a null hypothesis test in which
P< 0.05 is taken to indicate the presence of signiﬁcant heterogeneity. The Egger test
was used to assess the funnel plot for signiﬁcant asymmetry, indication possible
publication or other biases.
3. Results
The initial search identiﬁed 19 publications (Fig. 1). After
screening, six trials that met the inclusion criteria were identi-
ﬁed.12e17 2309 appendicectomies were included in this analysis,
1122 laparoscopic and 1187 open appendicectomies. Basic demo-
graphic data for each study is shown in Table 1. Table 2 describes
the histology results from each study. The primary and secondary
outcome measures from each study are detailed in Tables 3 and 4.
3.1. Primary outcome measures
1) Length of Operation
Three trials reported the length of operation for laparoscopic
and open appendicectomy groups.12e14 There was no statistically
signiﬁcant difference between the groups for length of operation
(weightedmean difference¼ 1.54; 95% conﬁdence interval¼0.67
to 3.74; p ¼ 0.17) (Fig. 2). There was evidence of statistical) Age (Op) M:F ratio (Lap) M:F ratio (Op) Level of evidence
60) 33 (18e50) 15:08 09:05 1b
37 43:42 22:31 2b
e 29:27 26:24 1b
31 e e 1b
e e e 2b
e 381:525 550:487 2b
Table 2
Histology of appendix.
Author Appendix
histology
e Normal (Lap)
Appendix histology
e Normal
(Op)
Appendix histology
e Acute appendicitis
(Lap)
Appendix histology
e Acute appendicitis
(Op)
Appendix histology
e Perforated or Gangrenous
appendicitis (Lap)
Appendix histology
e Perforated or Gangrenous
appendicitis (Op)
Clarke12 1 1 14 4 8 9
Corneille13 e e e e 17 5
Enochsson14 10 9 29 21 17 20
Ricca15 1 1 19 20 6 5
Towﬁgh16 e e e e e e
Varela17 e e e e e e
Total 12 11 62 45 48 39
Lap e Laparoscopic group, Op e Open group.
Table 3
Primary outcome measures.
Author Conversion
to open
surgery
Length of
operation
(min) (Lap)
Length of
operation
(min) (Op)
Length of
hospital
stay (days)
(Lap)
Length
of hospital
stay (days)
(Op)
Clarke12 0 (0%) 109.25  5.73 75  2.89 2  1.08 4  1.22
Corneille13 12 (14.12%) 92.7  50.2 99.2  51.7 3.4  4.9 5.5  6.2
Enochsson14 9 (16.07%) 67.5  4.28 73.75  5.55 4.5  1.29 9.75  2.35
Ricca15 1 (3.85%) e e e e
Towﬁgh16 4 (0.44%) e e 1 4
Varela17 e e e 3  3 4  5
Lap e Laparoscopic group, Op e Open group.
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ﬁcient data to enable calculation of statistical bias.
2) Length of Hospital Stay
Five trials reported the length of hospital stay for laparoscopic
and open appendicectomy.12e17 Laparoscopic appendicectomy is
associated with a signiﬁcantly shorter length of hospital stay
compared to open appendicectomy in the obese population
(weighted mean difference ¼ 1.26; 95% conﬁdence
interval ¼ 2.36 to 0.16; p ¼ 0.02) (Fig. 3). There was evidence of
statistical heterogeneity (Cochran Q ¼ 97.92; p < 0.0001). There
was no evidence of statistical bias (Egger bias ¼ 5.63; p ¼ 0.21).
3.2. Secondary outcome measures
1) Post-operative complications
Five trials reported the incidence of post-operative complica-
tions for laparoscopic and open appendicectomy.12e15,17 There was
no signiﬁcant difference between the groups in the incidence of
post-operative complications between the groups (pooled odds
ratio ¼ 0.49; 95% conﬁdence interval ¼ 0.38 to 0.64; p < 0.0001)
(Fig. 4). There was no evidence of statistical heterogeneity (Cochran
Q ¼ 1.66; p ¼ 0.65) or statistical bias (Egger bias ¼ 0.53; p ¼ 0.47).
2) Intra-abdominal complications
Four trials reported the incidence of intra-abdominal compli-
cations.12,13,15,17 There was no signiﬁcant difference between the
groups in the incidence of intra-abdominal complications (pooled
odds ratio ¼ 1.04; 95% conﬁdence interval ¼ 0.60 to 1.80; p ¼ 0.88)
(Fig. 5). There was no evidence of statistical heterogeneity (Cochran
Q ¼ 0.36; p ¼ 0.84). There was insufﬁcient data to enable calcula-
tion of statistical bias.
3) Wound complications
Four trials reported the incidence of wound complica-
tions.12,13,15,17 There was no signiﬁcant difference between the
groups in the incidence of wound complications (pooled odds
ratio ¼ 0.37; 95% conﬁdence interval ¼ 0.19 to 0.72; p ¼ 0.004)
(Fig. 6). There was no evidence of statistical heterogeneity (Cochran
Q¼ 0.57; p¼ 0.75). Therewas insufﬁcient data to enable calculation
of statistical bias.
4. Discussion
The aim of this pooled analysis of comparative studies was to
evaluate clinical outcome following laparoscopic and open
appendicectomy in the obese population. A systematic review ofpublished literature revealed six articles that met the inclusion
criteria for analysis. Analysis of primary outcome measures
revealed a shorter length of post-operative stay associated with
laparoscopic appendicectomy (weighted mean difference ¼ 1.26;
95% conﬁdence interval ¼ 2.36 to 0.16; p ¼ 0.02) (Fig. 3). There
was no signiﬁcant difference between the groups for length of
operation, post-operative complications, intra-abdominal or
wound complications. However, there did appear to be a trend
towards a longer operative time associated with laparoscopic
appendicectomy, but this failed to reach statistical signiﬁcance
(weightedmean difference¼ 1.54; 95% conﬁdence interval¼0.67
to 3.74; p ¼ 0.17) (Fig. 2).
The results of this pooled analysis appear to demonstrate the
potential beneﬁts of laparoscopic appendicectomy in the obese
population. A shorter length of hospital stay in the laparoscopic
group implies the beneﬁts of a minimally invasive approachmay be
more apparent in the obese population that previously seen in
other populations studied.18 Unfortunately due to the heterogenous
nature of the studies analysed this precluded analysis of the more
subtle beneﬁts of laparoscopic surgery such as reduced post-
operative pain and improved cosmesis. It may be assumed that
post-operative pain was reduced in the laparoscopic group due to
the shorter length of hospital stay in this group with no signiﬁcant
differences between the groups in post-operative complications.
Only three articles looked at post-operative pain as an outcome,
with two showing no difference in pain measured (either by
reported pain or analgesic consumption),12,15 one further article
showed reduced post-operative pain in the laparoscopic group
during the ﬁrst week.14 Thus it is clear that further randomized
controlled trials are required before any ﬁrm conclusions are drawn
on post-operative pain following laparoscopic or open appendi-
cectomy in the obese population. A further confounding variable
that can inﬂuence the post-operative course and thus the length of
hospital stay is presence of perforation in acute appendicitis.19
Table 2 shows apparent difference in the severity of appendicitis
between the two groups, further analysis revealed no statistically
signiﬁcant difference between the two groups in the incidence of
perforated and gangrenous appendicitis (pooled odds ratio ¼ 0.76;
Fig. 2. Length of operation.
Table 4
Secondary outcome measures.
Author Postop comps (Lap) Postop comps (Op) Intra-abdo comps (Lap) Intra-abdo comps (Op) Wnd comps (Lap) Wnd comps (Op)
Clarke12 5 (21.74%) 3 (21.43%) 2 (8.70%) 2 (14.29%) 3 (13.04%) 1 (7.14%)
Corneille13 9 (10.59%) 4 (12.90%) 2 (2.35%) 1 (3.23%) 7 (8.24%) 3 (9.68%)
Enochsson14 4 (7.14%) 9 (18.00%) e e e e
Ricca15 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Towﬁgh16 e e e e e e
Varela17 81 (8.94%) 176 (16.97%) 9 (0.99%) 31 (2.99%) 20 (2.21%) 22 (2.12%)
Lap e Laparoscopic group, Op e Open group, Postop comps e Post-operative complications, Intra-abdo comps e Intra-abdominal complications including vascular injury,
ileus, obstruction, abscess and haematoma, Wnd comps eWound complications.
Fig. 4. Post-operative complications.
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appear that laparoscopic appendicectomy is associated with a real
beneﬁt of a reduced length of hospital stay compared with open
appendicectomy in the obese population.
In the current economic climate an important factor in any
surgical procedure that must be considered is cost. Unfortunately
therewas insufﬁcient data available to allow formal analysis of cost,
however three studies did report cost as an outcome following
surgery.13,15,17 Corneille et al.13 reported no statistically signiﬁcant
difference between the two groups in hospital charges ($19,444.5
in the laparoscopic group compared to $17,686.6 in the open group;
p ¼ 0.38). Ricca et al.15, showed a signiﬁcantly reduced cost of
materials associated with open appendicectomy, and this wasFig. 3. Length of hospital stay.primarily related to consumable operating room supplies. Varela
et al.17 reported a greater total cost associated with open appen-
dicectomy ($10,400  11,900 vs. 8600  6600. This increased cost
was associated with the increased length of hospital stay associated
with the open appendicectomy group. Thus the cost of materials in
laparoscopic appendicectomymay be offset by the shorter length of
hospital stay associated in the obese population. Further random-
ized controlled trials with a robust cost-effective analysis are
required to delineate the subtle factors that may inﬂuence cost, in
order to provide a ﬁrm conclusion on cost following laparoscopic
versus open appendicectomy in the obese population.
This pooled analysis of studies comparing laparoscopic versus
open appendicectomy is limited by the quality of the available
literature. Varela et al.17 published the largest comparative analysisFig. 5. Intra-abdominal complications.
Fig. 6. Wound complications.
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studies in comparison. However, this was a retrospective study,
with a limited design, compared the more robust randomised
controlled trials on this subject.12,14,15 Furthermore the deﬁnition of
obesity varied between the studies included from a BMI >25 to
a BMI >30, introducing further heterogeneity to the cohort of
patients studied in this pooled analysis. Thus the results of this
pooled analysis must be interpreted carefully, and does show the
requirement for further high-powered randomised controlled trials
on this topic before ﬁrm conclusions can be drawn.
5. Conclusion
The results of this pooled analysis indicate that laparoscopic
appendicectomy may be beneﬁcial in the obese population with
a shorter length of hospital stay, and a similar incidence of post-
operative complications. However, further robust high-powered
randomized controlled trials taking into account procedural and
overall cost are required a produce ﬁrm conclusion in favour of, or
against laparoscopic appendicectomy as the treatment of choice in
the obese population.
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